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FOREWORD

Among the responsibilities assigned to the Office of the Manager,
National Communications System, is the management of the Federal
Telecommunication Standards Program (an element of the overall GSA Federal
Standardization Program). Under this program, the NCS, with the assistance
of the Federal Telecommunication Standards Committee, identifies, develops,
and coordinates proposed Federal Standards which either contribute to the
interoperability of functionally similar Federal telecommunication systems
or to the achievement of a compatible and efficient interface between
computer and telecommunication system. In developing and coordinating these
standards, considerable effort is expended in pursuing joint standards
development efforts with appropriate technical committees of the Electronic
Industries Association, the American National Standards Institute, the
International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International
Telecommunication Union. This Technical Information Bulletin presents an
overview of an effort which is contributing to the development of compatible
Federal, national, and international standards in the area of data
communication standards. It has been prepared to inform interested Federal
activities of the progress of these efforts. Any comments, inputs or
statements of requirements which could assist in the advancement of this
work are welcome and should be addressed to:

Office of the Manager
National Communications System
ATTN: NCS-TS

f Washington, D.C. 20305
(202) 692-2124
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I. INTRODUCTION

This document summarizes the work performed by Delta Information

Systems, Inc. for the office of Technology and Standards of the National

Communications System, an organization of the U. S. Government, under Pur

chase Order DCA 100-79-M-0190. The Office of Technology and Standards,

headed by National Communications System Assistant Manager Marshall L. Cain,

is responsible for the management of the Federal Telecommunications Stan-

dards Program, which desvelops telecommunication standards whose use is

mandatory by all Federal agencies. The objective of this program is to

develop a block diagram, flow charts, and computer programming for the un-

balanced normal class of procedures in accordance with Federal Standard

1003. The purpose of this effort is to determine the feasibility of using

the M6800 or similar microporcessor, to implement this type of protocol and

to obtain an estimate of memory and processor resources that would be re-

quired. The Office of Technology and Standards will use the information to

advise other Federal agencies who implement the standard and, when merged

with the results of other studies, to evaluate the operational and economic

impact of incorporating various options in Federal Standard 1003.

The effort necessarily has focussed on the software required to imple-

ment the protocol itself, and is by no means a total hardware/software sys-

tem design that would be required to develop a complete system. Complete

system develoment is, of course, beyond the scope of this program. However,

there are at least two system design factors that may have a significant

effect on system performance and on memory and processor resources that are
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required. These design factors include the type of LSI interface chip em-

ployed, and the implementation of the operating system required to control

the concurrent software processes that make up the protocol. These factors

are discussed in more detail in Section 2.0 along with a discussion of the

block diagram of the overall system design.

Flow charts describing the software that makes up the protocol are in-

cluded in Sections 3.0 and 4.0. The functional flow charts in Section 3.0

describe the protocol operations at the highest level and are largely inde-

pendent of the hardware configuration. The detailed flow charts in Section

4.0 describe the protocol software processes in sufficient detail that code

may be written with no major design decisions. These flow charts at this

level are very hardware dependent.

A small portion of the code for the 6800 microprocessor has been written

and is included in Section 5.0. The code was introduced into a 6800 micro-

computer, provided by Delta information Systems. The code in the computer

was then tested to insure its validity. Finally section 6.0 contains a

discussion of the feasibility of using the 6800 to implement the ADCCP pro-

tocol operating in the unbalanced, normal mode. It is estimated that

approximately 450 instructions are needed to implement the unbalanced ;,ormal

mode, with no optional functions, and that approximately 500 instructions

• jare required for the operating system. Data transmission rates of up to

19.2 kilobit/sec. appear feasible for the configuration being considered.

The National Communication System awarded an additional contract

(Contract No. DCA 100-79-C-0050) to Delta Information Systems which has two

general objectives. The first is to investigate the potential use of a

1-2
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microprocessor to implement an ADCCP protocol (Federal Standard 1003) oper-

ating in the asynchronous mode. A second objective is the completion of the

investigation of the unbalanced, normal mode begun under the contract

reported herein. The final report which will be prepared on the subsequent

complimentary contract (report scheduled for completion in June 1980) will

sunmarize the feasibility of implementing the Federal Standard 1003 protocol

operating in all three modes.

1-3
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2.0 SYSTEM DESIGN CONSIDERATIONS

The block diagram in Figure 2-1 shows a link with one primary and

one secondary station communicating with each other by sending information

in both directions. That is, either station may be a source or sink of

data or both. Two-way simultaneous transmission for the unbalanced normal

class of procedures is assumed. Although many secondary stations may

communicate with one primary station, the objectives of this program can

be met with no loss of generality, by assuming the existence of only one

secondary station.

Each station, primary or secondary, is made up of a microcomputer,

an LSI interface to the link, and a user which supplies and uses the data

to be communicated. The primary and secondary stations are physically

very similar; one difference is a timer required by the primary to use

in conjunction with polling. Operationally, of course, the primary must

supervise and control a number of Secondary stations, and thus it requires

a larger data structure and somewhat more complicated code.

For the purpose of this program, the microcomputer can be assumed to

be very basic--microprocessor, memory (RAM and ROM), interface chips,

clock, etc. A design choice that has significant impact on the outcome

of this program is the choice of the LSI interface. The purpose of the

LSI interface is to convert the parallel data from the CPU to a continuous

serial data stream for transmission. Simultaneously, it must convert received

serial data to parallel data for the CPU. In addition, it must generate

and verify the frame check sequence (FCS), stuff and delete O's to distin-

guish FLAG or ABORT from data, insert and detect FLAG or ABORT, and insert

interframe fill or idle link fill. Other functions may also be performed

by this interface.

2-1
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Two different LSI chip specificatons have been examined as possible

candidates for the interface function in this particular study. These

chips, which represent different approaches to the interface problem, are

the 16856 and the WD2501. (Refer to Appendix A and Appendix B for a copy of

their preliminary data sheets.)

The WD2501 interface chip controls frames of data by means of a direct

memory access (DNA) technique, automatically transmitting/receiving flag,

address, and control fields. Automatic retransmission of frames due to

errors is also accomplished. The chip appears to be capable of implementing

the unbalanced asynchronous class of procedures by itself.

The F6856 interface chip, on the other hand, controls bytes of data, in

addition to performing the required function described above. This chip is

capable of accommodating virtually all of the classes of procedures des-

cribed in the standard, with the possible exception of the 32-bit frame

check sequence. Since the chip sends and receives bytes of data, most of

the processing must be done in the microcomputer.

The F6856 chip was selected for this program by mutual consent of the

contractor and the government. The interface to the communications line

requires additional logic such as a Federal Standard 1031 (Electronic Indus-

tries Association Recommended Standard 449) interface chip and a modem, but

Jthe choice of these has little impact on this program.

The data transmitted over the link must also be transmitted to the

S-" user. The interface/protocol required between the microcomputer and the

I user is also part of the system design. However, for this phase of the

program, this protocol has not been defined. The interface, including the

buffers to hold the data, is defined and described in Section 4.0.

2-3

I i



The interface to the communications line requires additional logic such

as an RS-232 interface chip and a modem, but the choice of these has little

impact on this program.

The data transmitted over the link must also be transmitted to the

user. The interface/protocol required between the microcomputer and the

user is also part of the sytem design. However, for this phase of the

progra, this protocol has not been defined. The interface, including the

buffers to hold the data is defined and described in Section 4.0.
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3.0 FUNCTIONAL FL4W CH&M

The functional flow charts (Figures 3-1 through 3-9) describe the

protocol operation at the highest level. That is, the fra is considered

to be an entity, transmitted and received in "one piece." Operation is

described in terms of gross system states and major parameters. The

flow chart at this level as largely independent of the hardware configura-

tion, and time cmstraints required for simultaneous two-way operation

do not appear.

The unbalanced normal class, basic repetoire must accommodate five

received commands in the secondary station:

I - Information

RR - Receive Ready

INR - Receive Not Ready

SNF4 - Set Normal Response Mode

DISC - Disconnect

The secondary station may transmit six responses:

I - Information
RR - Receive Ready

RR - Receive Not Ready

UA - Unnumbered Acknowledgement

34 - Disconnected Mode

TFhR - Frame Reject

The secondary station operates in one of three major states which are

mutually exclusive:

(1) LDS (ND14) - Logically disconnected state (normal disconnected

mode)

3-1
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(2) ITS (NIRM) - Information transfer state (normal respond mods)

(3) FnM - Frame reject state

Other major variables required by the secondary station ares

RMUV BWS - true if R roceivedj

false if RR received or P-bit set

R IJM U 37S - true if not prepared to receive information;

false otherwise

P-BIT - Poll bit

F-BIT - Final bit

V(S) - Send Variable (next I-frame to be transmitted)

V(R) - Receive Variable (expected sequence number of

next received I-frame)

N(S) - Send sequence number (I-frame sequence number)

N(R) - Receive sequence number (station transmitting

N(R) has correctly received all I-frames up to

and including N(R)-1)

The functional flow charts are described briefly in the following

paragraphs. Refer once again to Figures 3-1 through 3-9. On start-up,

the secondary station enters the logically disconnected state. In this

state, only mode-setting comuands are accepted by the station. If the station

is ready to accept commands, it responds to an SNEM command with a UA

response from and enters the information transfer state (ITS). If not

ready, it sends a 24 frme. The response to a DISC command is similar.

Upon entering the ITS, the receiver looks for one of the five valid

* conands. If a valid command is received, appropriate action is taken.

If an invalid command is received, the frame reject (FRMR) state is entered

3-11
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and the cause of the rejected frame is reported to the primary station

via the FlA response. The only way to recover from the from. reject state

is to receive an 81111 or DISC command. The I, R, and 15K comends a&Tomom-

itored to perform checkpoint recovery only; that is,. the received X(R)

in monitored to verily those frames that have been received correctly by

the primary station.

If a valid I-frm is received, the N(S) is checked, and if valid, the

data is passed to the user; if not valid, checkpoint recovery is performed

and, if the poll bit is set, the secondary station may transmit I-frma if

available. If not available, the station responds with RR or M1 in response

to the poll and proceeds to monitor incoming fraoinu. If a valid RR or MM

frame is received, checkpoint recovey is performed.

3-12
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4.0 DAnZD 0W CMAM

The detailed flow chart, together with associated data structures,

describes the protocol software processes in sufficient detail so that

code may be generated with no major design decisions. The flow chart at

. -this level is hardware dependent, and must take into consideration the time

constraints imposed by the concurrent software processes associated with the

implementation of the protocol. That is, frms are not really transmitted

and received in "one piece" in two-way simultaneous operation, but are trans-

mitted and received a character at a time concurrently.

The protocol is made up of four major concurrent software processes,

each of which is an example of the classic producer/consumer problem. In

this problem, one process produces items and then deposits them into a

buffer. A second process consumes the items by taking them from the buffer.

The processes must be coordinated so that the consumer does not run ahead

of the producer, and that the producer does not write over records before

the consumer has had a chance to read them. For the protocol problem, two

concurrent processes are involved in commnicating data between the .I5

interface and the microprocessor; the LSI chip deposits bytes in its buffer

as the producer, and the IPU reads this data as the consumr. Conversely,

the microprocessor writes data into a buffer as the producer, to be read

*, by the LSI chip as the consumer and transmitted over the link. A similar

pair of processes serves to implement the interface between the micro-

processor and the higher level user.

The solution to the producer/consumer problem involves the use of

PASS and SICHAL primitives and event variables or semaphores. The event

variables have been defined for the LS-microprocessor interface as part of

I-1



the internal registers that are included in the F6856. The operating

system (OS) that includes the PASS and SIGNAL primitives has not as yet

been defined. Its overall function is determined by the total system design

of a station and no attempt will be made to provide a complete operating

system. However, that part of the OS that is required to control the pro-

cesses described above will be designed in the next phase of the program

in order to obtain a more accurate instruction estimate. An interrupt

timer (hardware) will be included in the design to provide time slicing,

and software interrupts will be used in conjunction with the concurrent

processes. The detailed flow charts that follow reflect some, but not all, of

the steps required to control the concurrent processes. The processes

required to implement the protocol, however, are complete.

Before addressing the detailed flow charts themselves, it is informa-

.tive to examine the data structures that are manipulated by the operations

in the flow charts. First, consider the data buffer required to transmit/

receive information between CPU and USER. Assume that a separate buffer is

required for transmit and receive, and that each buffer can hold up to

eight I-frames of data. These buffers are accessed via tables shown in

Figure 4-1. Each frame to be transmitted via the LSI chip has a starting

I taddress for the data and a length in bytes of the data part of the fram.

If the frame was transmitted with the final bit set, this is recorded.

The "acknowledge" variable is used to indicate whether a frame has been

deposited by the USER for transmission, whether it has been transmitted,

and finaly, whether it has been acknowledged by the primary station.

The receiver look-up table performs a similar function for data received

L
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from the LSI chip. Each frame is assembled byte-by-byte and the frame length

is incremented. When the frame has been correctly received (valid FC and N(S))

the frame is tagged as verified and may be read by the USER.

The buffers and associated variables required for LSI interface chip

operation are shown in Figures 4-2, 4-3, and 4-4. The Mode Control Register

(MCR) contains control information common to both receiver and transmitter.

The SAR contains the secondary station address. The TCR is loaded by the

MPU to control the transmitter, and the TDB contains the byte to be trans-

mitted. The Receiver Status Register (RSR) is read by the MPU to determine

the status of the byte received in the Receive Data Buffer (RDB). The RCR

contains control information for the receiver and the TSR supplies transmitter

status. Refer to Appendix A for a detailed description of receiver/transmit-

ter operation and flow charts for the F6856 Lsi interface chip.

The detailed flow charts are shown in Figures 4-5 through 4-16.

These charts follow the same general flow as the functional flow charts and

connector labels used in both sets of charts may be used to key the detailed

charts to the functional charts.

4-4
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5.0 MICROPROCESSOR CODING AND TESTING

5.1 Microprocessor Code

The RCNTRL subroutine has been programmed for the M6800 microprocessor.

The code is shown in Figure 5-1. The subroutine examines the control field

for the received command and determines which of the five valid commands of

the set belonging to the unbalanced normal class of procedures (basic

repertoire) has been transmitted. The result is returned in the variable

FTYPE. FTYPE is set to -1 if an invalid or un-implenented command is

received. The poll bit is extracted and N(R) is extracted from RR and BNR

frames. The subroutine as coded requires 45 instructions in 81 bytes

representing 161 MPU cycles. Note that only some subset of the total

number of instructions, corresponding to a particular command, is executed

on a given frame. In addition to 81 bytes of storage required for the

instructions, 4 bytes are used to store the frame type, control field, poll

bit, and N(R).

As indicated earlier in this report, a larger fraction of the code for

this unbalanced, normal mode of operation will be written on a continuing

contract--Contract No. DCA 100-79-C-0O50.

!, 5.2 Test Program

Testing of M6800 code was accomplished on a 6800-based microcomputer

using a CRT terminal or DEC LA-36 printer/terminal. The microcomputer

includes a TINY BASIC interpreter (firmware) which was used to facilitate

programming of the routine to test the RCNTRL subroutine. a

A sample of the test results for this subroutine is shown in Figure 5-2.
.!
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RUN
TEST ROUTINE FOR RCNTRL SUBROUTINE

ENTER DECIMAL EQUIVALENT OF CONTROL FIELD
? 178
POLL =1
FTYPE -1
N(R) =0
AGAIN (YIN)
I?Y

ENTER DECIMAL EQUIVALENT OF CONTROL FIELD
7 177
POLL =1
FTYPE =2
N(R) =5
AGAIN (Y/N)
? Y

ENTER DECIMAL EQUIVALENT N
7 229

POLL =0
FTYPE =3
N(R) -7

AGAIN (Y/N)
7 Y

ENTER DECIMAL EQUIVALENT OF CONTROL FIELD -

? 147
POLL =1
FTYPE -4
N(R) =0
AGAIN (YIN)
? Y

ENTER DECIMAL EQUIVALENT OF CONTROL FIELD
7 67

POLL =0
FTYPE =5
N(R) -0
AGAIN (Y/N)
7 Y
ENTER DECIMAL EQUIVALENT OF CONTROL FIELD
255

POLL =1
FTYPE =-1
N(R) =0
AGAIN (Y/N)
7N

TEST COMPLETE

Figure 5-2 Test Routine Results

5-4
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As shown, the operator is asked to enter the decimal equivalent of a

control field. First, the operator entered 178, corresponding to:
j- LSB

101 1001 0

N (R) N N(S) ~
P/F I-FRAME

The main program loads this byte, that the operator has entered, into the

variable called CNTFLD and calls the RCNTRL subprogram. Upon return, the

main program prints the values of the poll bit, frame type, and N(R) pro-

duced by RCNTRL. The operator is then asked for another value to test.

Decimal equivalents of five different frame types are shown followed by an

invalid fre type.

An exhaustive test also was made on the RCNTRL subroutine, and the

test results are included in Figures 5-3 through 5-7. Since the control

field contains 8 bits, 256 possibilities exist, and it was convenient to

modify the main program described above to loop through all of the possible

values that the control field may have. The result of this test was as

expected: Of the 256 fields, starting with 0, every other field was a valid

I-frame. There were 16 each of the RR and RNR frames (8 values of N(R)

with P-bit "1" and "0") and just 2 each of SNEN and DISC. The remaining

possibilities were marked (correctly) as invalid.

it
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RUN

TEST ROUTINE FOR RCNTRL SUBROUTINE

CONTROL POLL FTYPE N(Ro

0 0 1 0
1. 0 0
2 0 1 0
3 0 -1 0
4 0 1 0
5 0 3 0
6 0 1 0
7 0 -1 0
9 0 1 0
9 0 -1 0
10 0 1 0
11 0 -1 0
12 0 1 0
13 0 -1 0
14 0 1 0
15 0 -1 0
16 1 1 0
17 1 ? 0
1 1 1 0
19 1 -1 0
20 1 1 0
21 1 31 0
22 1 1 0
23 1 -1 0
24 1 1 0
25 1 -1 0

26 1 1 0
27 1 -1 0

29 1 1 0
29 1 -1 0
30 1 1 0
31 1 -1 0
32 0 1 0
33 0 1
34 0 1 0
35 0 -1 0
36 0 1 0
37 0 . 1
38 0 1 0
39 0 -1 0
40 0 1 0
41 0 -1 0
42 0 1 0
43 0 -1 0

44 0 1 0
45 0 -1 0
46 0 1 0
47 0 -1 0
48 1 1 0
49 1 . 1

50 1 1 0
51 1 -1 0
52 1 1 0
53 1 3 1
54 1 1 0
55 1 -1 0

Figure 5-3

Results of Exhaustive Test (Table A)
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56 1 1 0
57 1 -1 0
58 1 1 0
59 1 -1 0
60 1 1 0
61 1 -1 0
62 1 1 0
63 1 -1 0
64 0 1 0
65 0 ' 2
66 0 1 0
67 0 5 0
68 0 1 0
69 0 3 2
70 0 1 0
71 0 -1 0
72 0 1 0
73 0 -1 0
74 0 1 0
75 0 -1 0
76 0 1 0
77 0 -1 0
78 0 1 0
79 0 -1 0
80 1 1 0
81 1 a 2
82 1 1 0
83 1 5 0
84 1 1 0
85 1 - 2
86 1 1 0
87 1 -1 0
88 1 1 0
89 1 -1 0
90 1 1 0
91 1 -1 * 0
92 1 1 0
93 1 -1 0
94 1 1 0
95 1 -1 0
96 0 1 0
97 0 a 3
98 0 1 0
99 0 -1 0
100 0 1 0
101 0 3
102 0 1 0
103 0 -1 0
104 0 1 0
105 0 -1 0
106 0 1 0
107 0 -1 0
108 0 1 0
109 0 -1 0
110 0 1 0
112 0 -1 0
112 1 1 0

113 1 2 3
114 1 1 0
115 1 -1 0
116 1 1 0
117 1 3
118 1 1 0
119 1 -1 0
120 1 1 0
121 1 -1 0

Figure 5-4
Results of Exhaustive Test (Table B)
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122 1 1 0

123 1 -1 0

124 1 1 0
125 1 -1 0
126 1 1 0
127 1 -1 0

128 0 1 0
129 0 4
130 0 1 0

131 0 4 0

132 0 1 0
133 0 4

134 0 1 0
135 0 -1 0
136 0 1 0
137 0 -1 0
138 0 1 0
139 0 -1 0
140 0 1 0
141 0 -1 0
142 0 1 0
143 0 -1 0
144 1 1 0
145 1 a 4

146 1 1 0
147 1 4 0
lie 1 1 0
149 1 - 4
150 1 1 0
151 1 -1 0

152 1 1 p
153 1 -1 0
154 1 1 0
155 1 -1 0
156 1 1 0
157 1 -1 0

158 1 1 0
159 1 -1 0
160 0 1 0
161 0 2 5

162 0 1 0
163 0 -1 0
164 0 1 0
165 0 1 5

166 0 1 0
167 0 -1 0
168 0 1 0
169 0 -1 0
170 0 1 0

172 0 1 0
173 0 -1 0
174 0 1 0

175 0 -1

176 1 1 0
177 1 2 5

178 1 1 0
179 1 -1 0
190 1 1 0

181 1 3 5

182 1 1 0
183 1 -1 0

194 1 1 0

t 185 1 -1 0
186 1 1 0
197 1 -1 0

Figure 5-5

Results of Exhaustive Test (Table C)
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188 1 1 0
189 1 -1 0
190 1 1 0
191 1 -1 0
192 0 1 0
193 0 a 6
194 0 1 0
195 0 -1 0
196 0 1 0
197 0 -C 6
198 0 1 0
199 0 -1 0
200 0 1 0
201 0 -1 0
202 0 1 0
203 0 -1 0
204 0 1 0
205 0 -1 0
206 0 1 0
207 0 -1 0

208 1 1 0
209 1 . 6
210 1 1 0
211 1 -1 0
212 1 1 0
213 1 -* 6
214 1 1 0
215 1 -1 0
216 1 1 0
217 1 -1 0
218 1 1 0
219 1 -1 0
220 1 1 0
221 1 -1 0
222 1 1 0
223 1 -1. 0
224 0 1 0
225 0 , 7
226 0 1 0
227 0 -1 0
228 0 1 0
229 0 7
230 0 1 0
231 0 -1 0
232 0 1 0
233 0 -1 0
234 0 1 0
235 0 -1 0
236 0 1 0
237 0 -1 0
238 0 1 0
239 0 -1 0
240 1 1 0
241 1 a 7

; 242 1 1 0
243 1 -1 0
244 1 1 0
245 1 7
246 1 1 0
247 1 -1 0
248 1 1 0
249 1 -1 0
250 1 1 0
251 1 -1 0
252 1 1 0
253 1 -1 0

Figure 5-6

Results of Exhaustive Test (Table D)
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254 1 1 0
255 1 -1 0

TEST COMPLETE

Figure 5-7

I Results of Exhaustive Teat (Table E
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6.0 DISCUSSION OF FEASIBILITY

As discussed previously, one of the objectives of this program is to

determine the practicality of using a microprocessor, such as the X6800,

to implement the unbalanced normal class of procedures. Two major factors

affecting the feasibility are the number of instructions required to imple-

ment the protocol, and the time necessary to execute these instructions.

The total number of instructions has a significant effect on the cost of

developing a processor-based system, and the throughput (or baud-rate over

the communication line in this instance) is determined by the execution speed

through critical paths on the program. These factors are discussed below.

6.1 Memory Requirements

The number of instructions required to implement the protocol can be

approximated by examining the detailed flow charts in Section 4.0. This

number is estimated to be 450 instructiors. Note that this does not include

code for an operating system or code required to manage the concurrent

processes discussed previously. Approximately 500 instructions will be

required for the OS, depending on the hardware design and desired features;

this number will be more accurately determined in the continuing contract--

Contract No. DCA 100-79-c-0050.

Memory is also required for variable storage (approximately 120 bytes)

* and for the data buffers for sending and receiving messages. Two eight-

message buffers would require 16 times the number of bytes in a message.

6.2 Execution Time

The speed at which the microprocessor can execute the protocol in

6-1
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real-time depends to a large extent on the actual hardware/software design:

The hardware design can be "standard" or it can include many processes

accomplished in hardware (such as the F6856). For the purpose of this pro-

gram, the standard approach with the aid of the F6856 is assumed. The

software design must address the time-critical portions of the simultaneous

transmit/receive processes to ensure that these critical processes may be

serviced in real time. For this program, no attempt has been made to

optimize these processes, since a thorough analysis is required to determine

just what is "critical." However, some rough estimates can be made based

on the current state of the design.

Assuming a MPU rate of 1 cycle/microsec. it appears that a 9.6 or

19.2 kilobit/sec transmission rate would not be too difficult. That is,

a 19.2 kilobit/sec rate is equivalent t'o 400 microseconds per byte trans-

mitted, which is approximately 100 instructions. It should be possible to

keep the critical parts of the send/receive process under 100 instructions.

A more thorough analysis might reveal that 100 kilobit/sec rate may be

possible, but certainly more difficult. A faster IPU and additional hard-

ware might be required. Another tradeoff that can be made is memory for

speed; that is, table look-up may be used in some cases to reduce the number

of instructions required to be executed.

6-2
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SYNCHRONOUS PROTOCOL COM.(NICATIONS CONTROLER- F6856



PRELIMINARY DATA SHIbT *t~r I tMiW4 1V

~~7W

DESCRIPTION - The F38W0F68BW Synchronous Protocol Communications Controller CNKW IGA
(SPCC) is a monolitic n-channel MOS-LSI circuit designed to satisfy the major interface ITO W
requirements for Bit Oriented (SOP) and Byte Control Protocols (5CP). The SPCC converts ,

parallel data from fth CPU to a continuous serial data streamn for transmission. Simultane-
ously, it conveurts received serial data to parallel data for the CPU. The SPCC is organized to
interface with either an 8 or 16-bit bidirectional data bus, is fully 171 compatible and oper-
ates from a single +5 V supply.

is RISO AND IM5 EUS COMPATIBLE T50 1 40 Ycc

* DC TO IM §P% DATA RATE TCLK 2 3 RcLK
* UINEI CONTROL PROTOCOLS u o

BIT OfIJTED PROTOCOLS (00"~: SDLC, ADCCP, HOLC T 2- me
BYTE CONTROL PROTOCOLS (MMP: ISYNC, DOCUP AND OTHER! MCP Cl 4 V? now

* BIT ORIENTED PROTOCOLS 30 o
AUTOMATIC DETECTION AND GENERATION OF SPECIAL CONTROL SEOI0IENCES, till) 2
I.e., FLAG, ABORT. GO-AHEKAD 01 6 3 0

ZERO ISERTION AND DELETION DI 7 34 0l
PRIMARY OR SECONDARY STATION SELECT D10 8 22 Df
GLOBAL ADDRESSOl 32 D
AUTOMATIC EXTENDED ADDRESSDi 22 O
ONE OR TWO CONTROL BYTES; Di2 10 31 04
DATA CHARACTER LENGTH OF FIVE TO EIGHT SITS WITH I TO a-SIT RESIDUAL LAST 013 11 30 Ds
CHARACTER
CCITT- MUM ERO ffTCTION 0id 12 23 04
IBM RETAIL, STORE LOOP MODE DIS 12 07

is BYTE CONTROL POOCOL - B1YA DA 14 2
SPECIAL CHARACTER GENERATION: OLE, SYNC
SPECIAL CHARACTER DETECTION: DLI, SYNC, SON, SMX ITS, FIB, FM A2.

USASCU OR EBCOIC Ai 16 as TawT
NON-TRANSPARENT MODE AND TRANSPARENT MODE Ac 1 24 11111
84B1T -HRCE LENGTH
AUTOMATIC PILL CHARACTER INSERTION WITH SEILECTABLE STRIPPING arm Is 21
CCITT OR CRC-1S ERROR DETECTION Ing i n Em

*BYTE CONTROL PROTOCOLS - DOCUP AND OTHER t, 2m2 C
PROGRAMMABLE SYNC CHARACTERS vs 2

5 TO 6-11I1T CHARACTER LENGTH MDeinto
SEILECTABLE CRC ERROR DETECTIN t34 Designation
AUTOMATIC PILL CHARACTER INSERTION WITH SE11LECTABLE STIPPING t56O~nto

is DIRECTLY ADDRESSABLE PARAMETE CONTROL RE11GISTERS: MODE, SYNCADDRESS
TRANSMITTER CONTROL AND RECEIVE CONTROL

sSEPARATE ADDRESSABLE STATUS AND DATA REGISTERS FOR RECEIVIER AND
TRANSMITTER

* *~~ NRZ OR N=~ (ZEO1111 MNT0G
* FULL OR HALF DUPLEX OPERATION
is SEL TEST LOOP MODE
e 8 OR 164SIT BIDIRECTIONAL 2-STATER DATA BUS
is TTL. COMPATIBL
e*M S+5L aV SUPPLY
* 40-PIN 1PACKAGE

01IPS Fairchild Camers and Instrument Corporation Printed in U.S.A. 333-11-002-ON 15 M

464ELLS TT MOUNTAIN VIEW, CALIFORNIA. 340412 (415) ,sa-5oiirrWX 910-3704en P ^1 RQ 03H I L0
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macaw" TRNMITT
amS1ATLO~DATA CONTROLJ0ATA
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VCCLOWI AND0 LOGIC AND0 TOLlt
V., CONTROL CONTROLTO
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FAIRCHILD i 13846/FU 6

1111 DATA PM TO ATA

| Tm "nom

FIg. 3 TRANSMITTER DATA PATH

INPUT/OUTPUT DESIGNATIONS

IMil

NAMEI TYEN TONev

may be Wired-OR to o-Dis for use as an 8-bit data bus.

Ac-A2 i REGISTER ADDRESS: Ac-A? select internal data, status and control registers. The inlternal regiersm may be1

selected as eight or 16 bits. See Register Address section.

i iBYTE I B YTE: A HIGH level indicates an S-bit data bus. A LOW level indicates a 16-bit bus.
i II CHIP ENABLE: A LOW level enables a data bus transfer with DBE.

"R/4 II READ/ WR--" : A HIGH level allows data from th5 addressed register to be output to the data bus. A LOW
level allows data from the bus to be loaded into the addressed register.

-"OBE I IDATA BUS ENABLE: A strobe on this input causes information transfer between the data bus and the
caddressed regiser when the fl input is LOW.

Cl i I CHIP INITIALIZE: A LOW level initializes the internal control registers and timing.

RCLK i II RECEIVER CLOCK: RCLK provides timing for the receiver logic. RCLK frequency is the same as the
received baud rate.

SRSI I I JRECEIVED SERIAL INPUT: RSI is the received serial data. Data changes on the positiye going edge of RCLK.
,TCL I TRANSMITTER CLOCK. TCLK provides timing for the transmitter logic. TCLK frequency is the same as the

TSO 0ESIG TRANSMITTER SERIAL OUTPUT: TSO is the transmitted serial data. Data changes on the positive going

M T edge of TCLK.

0DA 0 RECEIVER DATA AVAILABLE: A HIGH level indicates an assembled character is in the Receiver Buffer.
RDA be reset on the trailing edge of DE when the Receiver Buffer is read by the CPU.

RSOF I RECEIVED SYNC OR FLAG: A SOF is HIGH for one receiver clock pregiod each time a recived SYNC or

FLAG is detected.
TM 0 TRANSMITTER BUFFER EMPTY A HIGH level indicates the device is reay to receive new data and/or

I control information from the CPU. TBMT is reset on the trailing edge of E when the Transmitter Buffer
eveis loaded.

, A-3
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FAIRCHILD *F3846/F6656

INMT1OJUTf OSUNATHON (Cont'd.)
NAME TYPE FUNCTION

0 INTERRUPT REQUEST. A LOW level indicates an error has occurred as a result of&a Receiver Overrun IROVAi
or Transmitter Underrun tTURI. ROVR occurs if the CPU fails to read data from the Receiver Suffer before it is
overwritten by the next assembled character._TUB occurs if the CPU fails-t load tMe Transmitter Buffer within
one character time after TBMT goes HIGH. IRO is reseat on the trailing edge of DOE when the Receiver Status is
road for an ROVR or the Transmitter Status for a TUB.

0 DATA TERMINAL READY: The DTR output is general purpose in nature. It can be set LOW by programming
the appropriate bit of the Receiver Control Register.

I DATA SET READY: The WR input is general purpose in nature. It can be tested by the CPU by reading the
Transmitter Status Register.

I CARRIER DETECT: The C5 input is general purpose in nature. It can be tested by reading the Transmitter
Status Register.

RTS 0 REQUEST TO SEND: M is used with CT-S to enable the transmitter. it may be set LOW by programming
the appropriate bit of the Transmitter Control Register.

AM 0 MISCELLANEOUS: The -M1 output is general purpose in nature. It can be set LOW by programming the
appropriate bit of the Receiver Control Register.

MTS I CLEAR TO SEND: MT is used with RnT to enable the transmitter. it can be tested by reading the Transmitter

Vcc I POWER SUPPLY INPUT: +-5 V

VSS I GROUND: 0 V reference.
tI READ PULSE: Pulse (negativei on this input with address and ~!transfers the addressed data register

* contents to the data bus.
t AI WRITE PULSE: Pulse negative) a n this input with address and ~!transfers the data bus information to the

addressed register.

'Pin label for F6856
W~in label for F3846

MIR CONTROL
SOP A Fram Check Sequence (FCS) is transmitsd/reid as a 10-bi dchm os lalol the NOi deW chwacts of a

frame. The CRC potoiaolI used to generoslclteci t FOS is CWC-CCITT (X1G+ 0 2 +X + 1) W~th mie
dividend presest to "or "I"s.

OISYNC A leitChecil Cheraws (910C) Is banaltlsosivsd asa16-I charsieisr logol 9, n flBe ETO or ETX
chirum Th CR plyrefflaluse t geier*~ he 0Cis either CRC-16 WO + x" + x 2 + ) or

amP A OWC, lbe te daft chostar length Is btranmldlroseved folo Ig thle Ind Gts owoi of a mesgeI
CRIC is selcteed The CRIC polynmmIal used lo gsnerat*csc the CAC fwegie w~th IN safti lngt. These

polnonlle e kid beow
l Ok CI X1 0 + X+X 3 + X2 +

g ON X12 +IX111 . X3 + X2 +I(=C12)

7 a X14 +X 12 +X 4 4 2+ 
80 CRC-16 or CRC-CCTT
Th. dsnd Is ofssprese lo "V&s
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FAIRCHILD *F3646/F6S5

SITS O&SCRIPTION

uml m Go SPWAue Is TMe Wsr a"i bs (MCM) omW o ow"uiu Mbfen~m oUmm to f

mr In SOP or ftn mse M) ddms I SO. It Is used in Espi mAof
TO Tfmsnftr CK enA If The iper sWg bb (TMN aUit ow"mu bdwn Im sped- ftr f fuwimr.

Dmew§w no~b The sot ulhi (TMS -- ~ - --- " a nw fahe Vsusim
AMT ReWesr OMMe Sw If The owe sIim hi (RICA) MRIn aed bdmmason Iesd 'a0 o

Trummlar Shae '-wiv. The kvielgil him (TMR esteeM Wrmonw Sad usd55 sm bimnvil

CON~nsv CAC ChanReise

CON CRCmede Reo gite le_ _ _ __ _ _ _

SHORT PORM REGISTE PORMIAT

Is 14 13 12 11 10 9 a 7 6 1 4 3 2 1 a

MCSA WIEC NS CC NN0 LOOP SC v YOR

TOR SON ITACOGATDl IMI RTS I TCL7 TCLG g aSU T t~~

TON I M0

itSsT IS SE R RI ROLi-OLo TMf "Em TON as5 CD DSR81

P50K~~MC RONUAPCTLS DFOO HERmi~~I
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FAIRCHILD *F3846/FWSS

CHARACTE 111T PATTEM PUOCNCT
WIP Pro".
RAG$ 01111110 Massells
ABMR 11111111 Gmfwish TeuugAst a is~q ps eMIwel

111110 I tt d
GA 11111110 a~em eris in anLop mde
ADDRES MAR Ssmo y snan 8deM

*SyNC
SVIC 0000110 ISASI 1 41a m smaw U ehmesr

00 11=00 111111
PAD 111 11111 &WtbofsiWpad
MLE 000100 Dame bse- "
SON 0000=01 Smal I ~g
STX 0000001 0 SMt o*tu

rrs ooiiiiladof blenedsif OSWunghMn block
IS00011ntl MSAWC Bud offrnsentrm Nok

00100 110 Ell=I
EIX 00000011 EMX Mw of werw'isnlS'

9CP
SYN &kago a uins - UdM me

PAD 11111111 End of rto pad, ualectshle U character fo. DOCUP.

show the data Nlow inthe recak W imnverepetvey

mEEIE OPEAON
GNERAL - The Mode Control SynclAddress Register (MOSA) must be programmed prior to staring
receiver peramgo. The receive may than be enabledeandthe chaae ength established byprogram-
ming the receiver contol registeri(MCR).Once the reevrIs enabled, data on the AI ipuwi be serially

lshte into tue Recever nput Regimst (1111). Data Is decode from NRZI to NRIZ as itis continuously
monlitore (an a bltforblt bse) fora match with the FLAG (SOP) or SYNC (Bleyn or SBCP) character.
The ASOF output in set HIGH fone arCWAY clock perio when a match occur. The receive then

4 operates as deecrObe beo- w each m ode of operation.
SOP $PMRATM - A flow char of 90P receiver opertin is shown hiFgure 4. The receiuer
st --eambIng character ad acwunumlslng the CRC mmedatel after the dOeImudn of a FLAO.
it alo conlitiue to searchor additonal FLAG, ABOR or GA charctes on a bit for bit basis. Zero
dIllOn, (to remove OCs ade to the data swamle fWIve consecutiv -1-s to dstiguih dua
from FLAG, ABOR and GA) Is Implees e i the RIR aft the FLAG dstelon logic.
Asmed characters w-1 lse through fts Receiver bpo mie MMI) Nmo the Receiver Sedaio

wPare~gister(RSp R) andbuislue at 1ie Rceiver Data Suitr(ROB). The RDA vsuad stats
bitrese WtH each limedosatalenelemedto RD. Nssv etdshMbe read! VCPU h lor te
nedtchareris a assemblto prevent anossmin, rA in ilose of data. The IOoulputwillgo LOW
and theROAMs"abitwillbe et N an overm ovua.
Chaar length asembly is set at eight bie per alh-- r at the start of each frme. it remsins at
sight bite .#iI te adee and ccNtol 11eld (Bee Fqgur 5) have been Iproeed Ch, ce legt
iL , hee to fth pogrammed length at t stM of the k bmtdon %Kld I any, wu the doin FUG,
ABOR or GA Is &dets&d The Waigl of the addrm %ie is deeMIne d by .moniktornle least
elIlc11- bit (US) of eh addem charatfr a logic 1". The lest chaawer of the addiess fiel
hmaa " inteLS. Thlegthof teontriedis oneor tobylieaprogrammed in lieMMN
Character asebly and CRC somuiuon e stoppedl when a clWin RAG, ABOR or GA is
detsted. REOM, ABUA (11 the do"n charcte was an ABOR or GA& RO rLWF "calu"n
tengl of les charcte) andl ERR (11 the, amumisted CfrG-I~uee w* bit ane Me The IM
characte is noans ed W ROB and t MA outpu is set HIG.
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FAIRCHILD * F3846/F6856

The CRC accumulation includes oil charactes following the opening FLAG through the frame check
sequence (FCS). The contents of the CRC Check Register (CCR) are checked at th close of a frome f
CRC is selected. If an error is detected, RERR status bit Is set Neither the FCS nor the closing FLAG are
assembled and passed on to the CPU.
The receiver may be turned off after the status and last characters are read by the CPU by resot the RE
bit of RCR or it can be left active to mrcive additional fames.
The closing FLAG of one frame may be used as the opening FLAG of the next frame. Character assembly
of the next frame starts with the rst non-FLAG character. If the frame was closed with an ABORT or GA.
an opening FLAG must be detected befor character assembly of the next frame is started.

All receiver status bits except RDA are res after the Receiver Status Register (RSR) is read by the CPU.
The RDA output and status bit are res when RDB is rad by the CPU.

If secondary address is selected, the first non-FLAG character of a frame is compared to the contents of
the SYNC/Address Register. Oata for the frame is not passed on to the CPU if no address match
occurs. When GLOBAL address Is selected, an all 'is' addrms resuits in an address match.

LOOP REPEATER OPERATION - Loop Repeater Mode is a special case of SOP. Receiver opera-
tion is the same as for SOP except the NRZI decode lo&i disiabled, frames may be terminated by
a GO-AHEAD or FLAG, and received data and GA are routed to the transmitter. RCLK and TCLK
should be tied together n tis mode.

ISYNC OPERATION - A flow chart of Blsync receiver operation is shown in Figure 6. Characters in
Bisync mode may be either EBCDIC or USASCII as prograred in the MCR. Character isngt defaults to
eight bits. The eight bit, when USASCII Is programmed may be used for odd parity by the CPU. It is
ignored in the recognition of the USASCII characters.
Character assembly starts after recelpt of two continuous SYNC characters and continues until the
recajver is turned off by resetting the RE bit of RCR. Assembled characters are shifted through the RIB to
the 1SPR and transferred to the ROB. The RDA output and status bit are set HIGH each time a character
is transfrrd to the ROB. All characters which match the SYNC character in non-transparent mode and
OLE SYNC pairs (If not immediately preceded by an odd number of DLE's) in transparent mode ae
excluded from the ROB. However, the RSOF output goes HIGH for one RCLK clock period oac time a
SYNC character is detected.
Data must be read by the CPU each time the RDA output goes HIGH before the next character Is
assembled to prevent an overrun. resutlng in loss of data. The M output goes LOW and the ROVR
status bit is set if an overrun occurs.
The receiver akay sts owation Inthe non-Vnswpant mode. It switches to trnspant mode If a
OLE STX character pair is received. The receiver win thm remain in transparent mode unti a OLE ITS,
OLE ETS or OLE ETX (if not immediatly preceded by an odd number of OLE's) chracter pair is received.

CRC accumulation begim after the first non-SYNC character If the first character is an SOH or STX. It
begins after the second non-SYNC chwactr and enters transparent mode if the irst two non-SYNC
characters are DLE STX. SYNC characters in non-transparent mode or OLE SYNC pairs intranspant
mode m excluded from the CRC accumulation. The first OLE of a OLE OLE sequence and the OLE of
OLE ITB, OLE ETS or OLE ETX sequenoe are not inclxed in the accumulation. The CRC is checked for
000o emindeafter recelp ofan ITS , ETor ETX in non-tansparentmode or OLE rS, OLE ETBor OLE

ETX in transparent mode. The REOM and RERR (a non-zero reminder is dtecte) stu biare iset
whe cosing haracter is tronsferred to the ROD and RDA is seNt HIGH. The block check characterfolowng the loing character s passd to the CPU e next lwocharace. Ifthe closing

crct was an ITS, CRC aeumulailon ad character ssmby will ta again on the ir cearcter

folowing the sc.
N receiver status bits except RDA we reet each time RSR is read by the CPU. The RDA outpuo an
as bit are reset each me ROB is reed by the CPU.
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IiiI3 iT3 3sss~I IL.r No i1OAT A I YYUWNGITDATA AA fl~!~i.J1J3iIY 0MI X 1 ~~CA CRC: 11MJP

EADOING TT DATA ITIE DATA T A

111111 HADIIG 1111TXP!T ID TA ILIf*I
IN, .IN, I~~ OS [E PE

YY HADIG TTXPARENT' I T ' lIll fEA' I S -x T DAT IL 31CN N DATA ''A A *

VIILT a DATA HMCI

Slmefd amn kiud in CRC amcmulation.

7i. MYwC MESSAGE FORMAT

BCP OPERATION -The flow diagram for BCP mode other than BISYNC is shown In Figure 8. The

SYNC character ts programmed i Sync/Address Register (SAR). All characters, including the SYNC
character are the length specified i the Receiver Control Register (RCR).
Character assembly starts after receip of two contiguous SYNC characters and continues until the
receiver Is turned off by re"tn t RE bit of RCR. Assembled characters are shifted through the RIB
to the RSPR and traneferred to the RIDS. The RDA output and status bit are set HIGH each time an
assembled character is traneferred to the ADS. All characters which match the SYNC character are
excluded fromn the ROB, if SYNC strip hae been programmed. Only leading SYNC characters are
excluded from the RIDS if sync stripping has not been programmed. However. the RSOF output goes
HIGH for one RCU( clock period each time a SYNC character is detected.
Data must be read by the CPU each time the RDA output goes HIGH before the next character Is
aeeembled. If niot, an overrun will occur resultng In lose of data The rNQ output goes LOW and the
ROVR statue bit In set If an overrun occurs.ii CRC accumulation begins with the first, non-SYNC: character and Icludes dl subsequent characters If
sync strip Is not programmed. The CRC accumulation will include only non-SYNC characters if sync strip
Is programnmed. The CRC accumulation Ia checked eachcaractertmeandteREAR satebit Isst If

* the remainder does not equal "0" or reset I the remainder equals "0." Since there is not defined end of
* message character, the REOM statu bit Is not set. The CPU must determine when the end of message

occurs and chek the REAR status at that time. "f an error free message has been received, RERR will
be " for one character time. RE should be dropped, thereby resetting the receiver, after the last
character has been reed.

A-jo
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TRANITTB~ER OPERATION

GENERAL - The Mode Control Sync/Address Register (MCSA) must be programmed prior to start-
Ing transmiter operation. The RTS bit of the Transmitter Control Register (TCR) must be set to turn
on the transmitter. The SOM bit of TCR may also be set at this time and the Transmitter Data Buffer
TO) loaded with the first character of the message. When M has been loaded into TCR, the
W output goes LOW. The TSO output is held HIGH (marks) until the CTS input goes LOW. Two

SYNC or FLAG characters are than outputted on TSO, if SO has ben set. Otherwise TSO will
continue to output marks unt SOM is so and the flit character is loaded into TDB. Transmitteroperation after the two SYNC or FLAG characters have been outputted deed on th mode of

operation. Note, RTS and transmitter character length must be reloaded each time TCR is updated
until after the EOM (end of message) bit has been set

BOP OPERATION - Character length in SOP mode always starts at eight bits per character each frame. Itrains eight bits unt the address and control fields have been transmitted. It then switches to the
programmed lengt stthe tat of the information fleld, ifany, until the last character has been Vansmitt.
Character length switches back to eight bits for the ransmission of the Frame Check Sequence (FCS) and
the closing FLAG.
A flow diagram for SOP transmitter operation is shown in Figure 10. The secondary address is transmitted
after the initial two FLAGs. The secondary address comes from the Sync/Address Register (SAR) If the
device is programmed as a secondary station or from the TOS if the device is programmed as a primary. If
the secondary address came from SAR, it is followed in the transmission by the character from TOO.
Characters are transferred in parallel from BAR or TOB to the Transmitter Shift Register (TXR) and serially
shifted, LS8 first, out the TSO output. The TOT output and status bit are set HIGH each time dat is
transferred from TOB. The CPU must update TCR, if required, and load TO with the next character. An
underrun occurs If t is not done within one character time. If an underrun occurs, the TUR status bit is set
and an ABORT (11111111) is transmitted. The output is held at a mark until SOM is set for a new
message. A transmitter overrun occurs If TDB is updated before TBMT goes HIGH. An overrun can
result in the misinterpretation or loss of the character in TOB.. The TOR status bit is set when an overrun
occurs.

The lst sigificant bst (LSB) of each characte, tartnr with the seconda/ddrss is examined. The )
charactr with an LSB - "I1" doates ft last character of t address field. The next one or two characters

(programmed in ,CR) are the con" field. The character length switches to the programmed length in
TCR after the last character of the control field unless that character was the end of message.
The CPU must set the EOM bit of TCR when loading the last character of the message. Character length
may be changed at this ftrie to allow transmission of a residual last character. The character in TDO as
followed by the FCS (if CRC Is selected) and a closing FLAG when EOM is set The transmitter may be
turned off by reseting RTS after TBMT goes HIGH or it may remain active. The closing FLAG of one frame
may be used as the opening FLAG of the next frame by setting SOM and loading TDO after TONT goes
HIGH. If the transmitter is left active and SOM has not been set, FLAG characters are transmittod between
frames If the GATD bit of TCR equals "0" or marks if GATO equals "1".
A message may be terminated at any time with an ABORT by setting the TACG bit of TCR. This causes
the TSO output to go immediately to a mark condition until SOM is set.
Data transmitted on the TSO output Is continuously monitored for five consecutive "Is." A "0" is Inserted
in the data stream each time this condition occurs. This insures a data character will not be Interpreted
as a FLAG, ABORT or GA at the received end.
TUR and TOR status bits are reset whenever the Transmitter Status Register (TSR) is read. The TBMT
output and status bit are reset when TOO is loaded.

CRC accumulation begins with the first non-FLAG character and Includes all subsequent characters up to
and Including te las da charew. The accumulated CRC is te transmitted as the FCS follown the
last daft character, if CRC is selected.
LOOP REPEATER OPERATION - Loop Repeater Mode is a special ca of SOP. The primary mation in
te loop should be programmed for normal BOP primary operation. The GATO bit of TCR is used to inimte
a polling sequence. When tNi bit is set, marks we transmitted after the cosing FLAG of a frame. The last
"0" of the closing FLAG and the next seven "*" are interreted down loop as a GO-AHEAD. The end of

L the poling sequence is detsed when the ASGA (received GA) bit of the RSR Is set.

Down-loop stations should be programmed as SOP secondary, loop repeater (LRSS - "1" in MCR). In
this mode, data received at the RSI input is delayed one bit time and outputted on TSO. When data is to

A- 12
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be transiitted in is mode the CPU should set RiTS and OM and load the first character into TD.

CTS Is Ignored in this mode. The transmitter waits for a received GA. When a received GA is detected.
the seventh "1" is changed to a "0." creating a FLAG. This prevents down-loop station from receiving a
GA, reserving the line for the transmitting station. The T1MT output and status bit are set and transmitter
operation proceeds in normal SOP operation except the NRZI encode logic Is disable.

When the last character and FCS have been trans-nittd. the mossage is terminated with a GA. TSO
switches beck to RSI delayed one bit time. Down-loop stations may then capture the line by detecting the
GA.

RCLK and TCLK should be tied together in this mode.

cdSYNC OPERATION - A flow dlagran for Sisync transmitter operation is shown in Figure 11. Caacter
length for Blsync mode defaulls to eight bits per character. The transmitter always assumes non-
transparent mode unless forced to tranparent by the CPU.
The message format following the initial SYNC pair depends on the action of the CPU. If the Transmitter
Data Buffer (SO) has not been loaded with the first character of the message, SYNC characters are
outputted on TSO until a TDB load. This can occur only with an 8-bi data bus, since TCR and TOB e
loaded simultaneously for a 16-bit data bus. The character from TB, when sivailable, Is transferred to the
Transmitter Shift Register. (TSR) and serially shifted out the TSO output. The character In TOS Is
preceded with a contiguous DLE when GAT (transmit DLE) is set. GATD bit is canceled after it has beon
infernally processed. The first occurrence is interpreted as a OLE STX command and the transmitter
begins transparent mode operation. The transmitter wil remain in transparent mode until the end of
message.

16 The TBMT output and status bit are set HIGH each time data is transferred from TOS. The CPU should
update TCR, if required, and load TOB with the next character. An underrun occurs if this is not done within
one character time and the TUR status bit is set and SYNC characters (or OLE SYNC pairs In transparent
mode) are transmitted until TOG is updated. A transmitter overrun occurs if TOM is updated before TBMT
goes HIGH. An overrun can result in the misinterpretation or loss of the character in TOB. The TOR
status bit is set when an overrun occurs.

The EOM bit of TCR, GATO (if in Iransparent mode) and TACG (if the accumulated CRC Is to be
transmitted as the Block Check Character) should be set when the last chatacter is loaded into TO. The
last character must be an ITS, ETS or ETX if CRC is used. A 16-bit 8CC, If selected, is transmitted
following the last character. The last character is followed by marks for a minimum of one chact time I
no 8CC is transmitted.
A second block of data may be transmitted immediately following the BCC by setting SOM and loading
TOG after TSMT goes HIqp, Tile transmitter may be turned off at this time by reeting RTS. The
transmitter transmits marks'ollowing the 8CC for a minimum of one character time if SOM is not set
CRC accumulation begins after the first non-SYNC character for non-transparert mode, or after the
second non-SYNC character if the message starts in transparent mode. The CRC continues up to and
Including the lst character. SYNC characters or OLE SYNC pairs caused by a transmitter underrun we
not included. Forced DLE characters in transparent mode are not included. The forced DLEof a OLE STX
pair which occurs after the start of the meage is included. See Figure 7.

* TUR and TOR stu bits are rese whenever the Transmitter Status Register (TSR) s read. The T1MT
output and status bit re set when TD1 is loaded.
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The mesage fim t bIIng Ow initlal SYNC pair depends on te action of to CPU. I the Trem isr
DM Suf hee no been lomded wirs he chwacW of temese, SYNC alw lmtrs re tmniN e
unl a TO oad Thiscnaoc onlywh e-databus, ieTCR end11OO are loaded amuftneously
for a 16-M dae bus. Te character from TOO, when avallebls. is tronssned lo Ne Tremm r Shift
Rgister (TSP nd se shifted out the TSO output. The TBMT outpu and stu bit are st HIGH each
time de is enefened from TO. The CPU should updete TCR. if required, and load TM wil h ne
chale. An udmn ocr I is not done witin one dc tme nd te TUR status Ie end
SYNC daracte (mk, I sync stripping is not programmed) we trenemited wur TOB is updalted. A
transmiftler ovemn oncurs if TDO is updated before TBMT goes HIGH An overnun can reaiN in MW
mis or loss of te character In TOO. The TOR status bit is a when an overrun occurs.

The EOM bit of TCR end TACG (If the accurated CRC is to be trnsmnitled as the lock Check
Character) should be so when Me ast character is loaded ino TDO. The I dratew is 11a-d
by a BCC end a pad character if CRC is selected, or the pad character only if CRC is not selocted.
The transmitter may be turned off by resetting Ri after TBMT goes HIGH.

CRC accumulation (See Error Control) icludes aM non-SYNC characters. The CRC Genraton Reg-
ister (CGR) in BCP mode is defined as twice the character length.

TUR and TOR status bits ae reset whenever th Transmitter Statue Register (TSR) is read. The
TBMT output and status bit are reset when TDB is oded.

DATA BUS CONTROL (686)

The CPU uses the Register Address (A -A2), Byte Select (BYTE), Chip Enable (Ms), Reod/Wrile (R W),
and Data Bus Enable (DBE) inputs to control information transfer on the data bus. The Byte Select input
specifies a 16-bit data bus when BYTE - "O" or an 8-bit data bus when BYTE - "1." For an 6-t data
bus, Do through D may be Wired-OR with the corresponding pins Do though DM5.

A read oeration LRW - "1") is initiated on the leading edge of DOE. The other control inputs (AO-Aa,
BYTE, CE and R/W) must be stable before the leading edge of OBE (see Dynamic Characteristics). Any
unused bits in the addressed register are "0." 0s-O0 5 contain receiver status when TSR is read using a
16-bi bus. Status bits are reset on the trailing edge of DOE, when the appropriate register is read.

Data is loaded into the addressed register on the trailing edge of DOBE for a write (R/W - "0") operation.
The other control inputs must be stable prior to the leading edge of DOE. TBMT is reset on the trailing
edge of DOE when TCDR (16-bit bus) or TD (8-bit bus) is addressed.

DATA BUS CONTROL (3846)

Bus control for the F3846 has the same characteristics as the F6856 with M only for read rather than
DOE - "1" and RiW - "1 and WA only for write rather than DBE - "i" and P/W - "0."

REGISTER ADOREAE
R/W A0  Al A2  REGISTER R W

BYTE - "o" 1 x 0 0 RSOR 0 1
16-err 0 x 1 0 TCOR 1 0
DATA BUS 0 X 0 1 MCSA 1 0

I X I 1 RCTSt(TSR) 0 1
0 x 1 I RCTSu(RCR) 1 0

BYTE 1 0 0 0 RSORL (ROB) 0 1
$-BIT DATA 1 1 0 0 RSORU (RSR) 0 1
BUS 0oo0  0 0 1 0 TCORL (TO) 1 0
WIRE ORED 0 1 1 0 TCORU (TCR) 1 0
TO DrOS 0 0 0 1 MCSAL (SA) 1 0

0 1 0 1 MCSAu (MCR) 1 0
1 0 1 1 RCTSJ (TSR) 0 1
0 1 1 1 RCTSu (RCR) 1 0

PROGRAMMING

The Mode Control Sync Address Register (MCSA) is a directly addressable write only register used to
configure the SPCC for the user's specific data communications environment. MSCA should be
programmed after initialization and prior to Initiating data transmission or reception. It may be
changed at any time that both the receiver and transmitter are disabled. The default mode (after
initialization) is SOP primary with one byte control field, NRZI encoding, 8-bit character length end
error control using CRC-CCITT preset to "I s." The lower byte, syncladdres, is not used In SOP primary
mode.

A-17
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The Transmnitter Control and Data Register (TCDR) is a directly addreseble write only reise Ih
controls t format of toe transmritted data. The lower booe (TOO) contaitte the data charates oo be
trwnhts. The upper byt~e (TCR) contains control k~naton 1e-s-ng specefcally to fW data being
tranermitiod TCDR may be updaled Whenever the TBMT Wuput a HIGH. The defalt modlefor this regaste
Is all "Os" corresponding to trnsmite disabled.

The uppe byle (RCA) of tho Receiver Control and TransmnItter Status Regmste (ACTS) is a directly
- , eeIebl wrt onlyV s whtc contains conrol iornmaon specifcally related to the receip of
data andl toe =7 genra purpose otputs. Those bite whic contol the rceived chrec-
ter length should not be changed while the receiver is eniabled. The default value of RCR a all "Os"
correaponin to receiver disabled and general purpose outputs at a HIGH level.
Specific delilion of the format of the addressable registers is given in the folowinig section. Address
Informtation is given in toe Data S~ue Conslf seocon

ADDAIESSAULE RISTIA FORMAT

*Is 14 13 12 11 10 9 a 7 6 S 4 3 2 1 0

PRTCL LASS) CC NAZILOP c1

MODE CONTROL SYNCIADDRESS REGISTER (MSCA) - Write Only

'SrIT NAME MODE FUNCTION
0-7 SAR SyncJAddree Rsgosws

SOP Secondary Address for seondqry stalan mode-lW Not Used
* _________SOPD SYNC Character)

a EC Error Control
SOP -CCITT presetto al va

I - CCITT preset to alI"s
lsyn 0 O-CRC-6 prset to allV's

1- CCITT preset toll "O"s
SOP Same as Sasync for' 6-b* chaacters winp ONLY

9LOOP AN Sell test loop mod. TSO loop so RSI inlernally
10 NAZI AN O- NZdt

________I 1- NZI, zero complemen~n

I1 I cc SOP 0 - Icuolbyte, I- 2 ccnal bylos
ell Not used
SOP No used

* 12 LASS LoopP W~sr/yno St"
sp 0 - Normal mode

I - Loop reper mods
S*oy- Not Used
lOP 0O-Tx Morfor FILL ceraclr

900P Laing SYNC's only
I - Tx SYNC for FILL dmwacWe

__________ ____ Stribp at SYNC$s
13-15 N AroSdelet 161413

0 a0 amOP"u"a
0 1 0 am, Secondry
0 11 P.ocnloa

1 1 
;

Io 0 1tn W
0 0 1 Reserved

A-1
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ADDRESSABLE REGISER FORMAT (Con'd.)

Is 14 13 12 11 10 9 6 7 6 S 4 3 2 1 0

SOM ITAW I GATO I EOMI RIS T IL I - Ta TRN ITE AApPI

TRANSMITTER CONTROL AND DATA REGISTE (TCCR) - WWlt Ouity

BIT NAME moos FUNCTION

*0-7 TOO AN Traieffm m Buffr

* 6-10 TCL-TCL2  Tmanmlta Cheracler Lengt
GOPISCP a69 10

00 0 S1-bite
100 1

00 1 4
1 01 5

SISYNC Character lengt "akaitsly 6-its-
11 RTS AN Rasto Seid. "W'- "Ion YWe~Sg1" n OWPA~s

12 EOM ANt End of Message. "1" defines character in TOO as la data ciwade of mege. This bit Is
self-cancelling.

13 GATO Go-aheed/Transmit DL.!
BOP "0" - FLAGs transmitted between frames

"I" - Marks transmitted between frames
BISYNC "I" - Transmit OLE chaeracter show! of chractr in TDS. Ente brum~sa mods.
BCP Not uised.

14 TACG Transmit AboutCRC Generat
SOP 'T' - Tnmit Abort

SISYNC/ "0" - No CRC an tranmimtd memo.g
BCP T." - Transmt Block Check Charaer after last data charater

15 SOM All start of Message. Inwitiates start of message causing SYNC. or FLAGs lo be WNnild
____ ________ ______This bit Is self-cancelllng.

A- ig
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ADNESIADL NEWSIER FORMT (COMM'.)

is 14 13 12 11 10 9 a 7 6 5 4 3 2 1 0

IOT" I N6T CRC [ RE I FCL1:RCoI TUR~~1lOl JE csc aa
RECEIVER CONTROL AND TRANSMITTER STATUS REGISTER (RCTS) - ReedIWrile

a OSA jANl Dat Set Ready. Equals "I1" when MR input is LOW.

I CD ANl CarWie Detect. Equals "1" when 5M pt is LOW.

2 CTS All Clear to Sand. Equals "I" when MT hips* is LOW.

3-4 Not used

5 TOR ANl Transmwitter Overrun. "I" CPU update TCDR before the SPCC weesready.
6 TBMT ANl Tranismitte Buffer Empty. "1I CPU may lo new date andlor ContOl infornmaion in

TCDR.

7 TUR All Trarnitter Underrun. "1" - CPU failed to load TD In tim. Abort is trnmlted in DOPm.,
When TUR occurs fill characters are transmitted in BISYNC or SCP. TUR occurs along with

________________ _______a LOW level at IRO output.

64 RCL.-RCLj AN Receiver Charate LanVh

06

10 RE All Receiver Enable. "I" enables receiver

I1I CRC All "0" - No CRC (TranamWitRsceive)
_____ .1." - CRC selected

12-13 Not used

14 MISC ANl Mscelansus. "'- ""onUMoullp; "" "Won IM outpt.

Is 0Th ANt DaftTem*na Read. "a' - -I"an UM output; "I" - -W an -outpu.

1s 14 13 12 11 10 9 6 7 6 5 4 3 2 1 0

PAM FHDAR A~NGAI 111011.2 -ROLO RECIR TA WIFEI

RCEIVER STATUS AND DATA REOISME (RSDR) - Reed Only

SWT NAME Moog FUNCTION

017 Rwe N Rmoer VA Bufbr

0 Rm Al R*esWe Emu. *1" - CRC am owned on reavdmsq.Assaild wen losE
_____amo Is in R

wil1 ROtqgNOL2 lOP * Paw1V~ LamClisuierLangftCoruqndtom Urwm lber aehla iarame

It1 ANGA W * AV&h CnpaI* m~dA M''or geAhred 9 REM-0

13 11100111 Rece, id nof essq
lOP " - Rsosaltud NLA MArt or Go-Ahead

________ ISYNC -111R1e8d,8 ,ISo Th(rcee b L S r-8ro mdl

*14 FA Ns Pscendd OaM AvseitI. "I" bricus valld datEM. f w in AM

A" AllR N Riattl Ovewum. "I" h'fton CPUJ IMW to nM MI ROD before neod tw=We w )
_________M asebe.AonPanl- bysaLOW on Mompt
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ASSOLUTE MAXIMUM140111 RATINGS
Operating Temperature,

Ceramic -WIC bo +12VC
Cermet -5Mc lo +1IrC
Poasn* WCto +70'C

Storage Temperature -wc fa +i5wc
Supply Voiltage, -0.3 V t +7.0 V
kwnputw~tu Volag -0.3 V to +10OV
Inpu Voltag -0.3V 1 +15 V
Output Voltg -0.3Vt 10 10V

This device contains circuitry to protect the inputs against damagei due to high stal V~lae or
electric fields; however, it Is advised that normal precautions; be taenm to avoid applicaloni of any
voltage higher than maximum rated voltage.

ELECTRICAL CHARACTIERISTICS: Over the Operating Temperature Range_ _____
LIMITS

SYMBOL PARAMETER MINI TY MAX UNIT CONDITIONS

ccSupply V~la 4.5 5.0 5.5 V

hipi Voltag
VIL Inpu LOW -0.3 0.8 V

(VLC CIOck LOW -0.3 0.6 V
VIH "M sHIGH 2.0 VD0 V
V1 NC Cloi HIGH 2.4 V00  V

OUIput Vo~ag
VLOUP*LOW 0.45 V 10 4 S~L-. A

VON O"Mu H"GH 2.4 V I0ON - -M0 I&A

- P .ALeuaili 10 jpA

_____ SUPp* Cuff" 120 MA VW - 5.5 V

C0  Oiui 15 pF a ~
CIO Bus______ in___20____
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DYNAMC CHARACTERISTiCS Owor teOpusing Temwab"u Rin. Vcc - 5 V ±10%
CL - 100pFIf00-015, CL - 50pFfral daw o ulle~

SYMOL PAPAAMR MIN. 1W . MAX. UN"T

'AC, 14 Adrealhv Set-up 100 l
1ACH AM aWoUWC Hold 100n

too 04Sue 6-u (well) 200 fl

t"Dim aw mmd(ib 100 ne

413 Rslsai~p 200 no

t 1 C1 450 tie

tosmlm) OSEiND. WN 450 no

061. Tlsv

Clock PuLse Wif no_ _____

CHIP ofSTiAW READAWRUM O ATA WS

CL=C AMD USAI DATA

.6-H

5-4A
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PACKAGE OUTUNE

40-PIN CRAMIC DUAL IN-LING $1101-01RAZED

2-0110h 4 301

1.945091

(2 Ol2e 16-61151

060(1.650.52 11026

12*1127)I .2 .0411.0) N
i2. 1 92 01 01 1 6 06)J (4)160 10 524 TVP .1) 03(2.066 1) 2
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LSI MICRO PACKET NETWORK INTERFACE (pPAC) WD2501
SHORT FORM DATA SHEET

FEATURES * TTL Compatible
Packet Switching Controller Compatible with CCITT * 48 Pin Dual In-Line Packages
Recommendation X.25. Level 2, LAP. * Pin-for-pin compatible with WD2511 (LAPS.)
Programmable Primary Timer (T1) And Retrans-
mission Counter (N2) * Higher Baud Rates Available By Special Order

I Programmable A-Field Which Provides A Wider
Range Of Applications Than Defined By X.25. These
include: DTE-To-DTE Connection, Multipoint, And ACTSLoopBac TesingX.25 PACKET SWITCHING CONTROLLER
Loop-Sack Testing PART OF OTE OF OCE

I Direct Memory Access (DMA) Transfer: Two
Channels; One For Transmit And One For Receive. PRIVATE PACKET NETWORKS

SendlReceive Data Accessed By Indirect Addressing
Method. No External Address Latches Required. GENERAL DESCRIPTION
Sixteen Output Address Lines. The WD2501 is a MOSILSI device which handles

I Zero Bit Insert And Delete bit-oriented, full-duplex serial data communications
* Automatic Appending and Testing Of FCS Field with DMA, which conforms to CCITT X.25 with
• Computer Bus Interface Structure: 8 Sit Bi- programmable enhancements.

Directional Data Bus. CS, WE, RE-Four Input The device is fabricated in N-Channel silicon gats MOS
Address Lines technology and Is TTL compatible on all inputs and 
D DC To '1.6M BitsSEC Saud Rate outputs. , '
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INTERFACE SIGNAL DESCRIPTION

'PIN
NUMBER SYMBOL NAME FUNCTION

48 VCC Power Supply + SVDC power supply input

42 VOD Power Supply + 12VDC power supply input

18 VSS Ground Ground

6 CLK Clock Clock input used for internal timing. Must be square
wave from 1.0 to 3.0 mHz.

7 Master Reset Initialize on active low. All registers reset to zero,
except control bits MDISC and I are set to 1. 5X
must be stable high before MR goes high.

4 Chip Select Active low chip select for CPU control of 110 registers.

8-15 DALO-OAL7 Data Access Lines An 8 bit bi-dlrectional three-state bus for CPU and DMA
controlled transfers.

5 Read Enable* The contents of the selected register are placed on DAL
when US and R are low.

4

3 W Write Enable The data on the DAL am written Into the selected
register when M and WE are low. IM and WE must not
be low at the same time.

2 REPLY Reply An active low oulput to indicate that either a Z'uWM or
W'R'input is present.

43 Interrupt Request An active low- interrupt service request output, and
returns high when Status Register #1 is reed.

47-44 IA0-lA3 Address Lines In Four address inputs to the 2501 for CPU controlled
readlwrlte operation with registers in the 2501. If ADRV
= 0, these may be tied to AO - A3.

26-41 AO-A1 5 Address Lines Out Sixteen address outputs from the 2501 for DMAyI q operation. If the control bit ADRV Is 1, the outputs are
TTL drives at all times. If ADRV is 0, the ouputo ae
3-state, and am HI-Z whenever = Is high. (ADRV
Is in Control Register 11I.)

IL 23 OMA Request Read An active low output signal to initiate CPU bus request
so the 2501 can output onto the bus.

B-2
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*PIN
NUMBER SYMBOL PIN NAME FUNCTION

24 DOW DMA Request Write An active low output signal to initiate CPU bus request
so that data may be written into the 2501. 5AW and
D cannot be low at the same time.

25 D DMA Acknowledge An active low input from the CPU in response to IBM
or DAW. MAM must not be low if M and R are low
or if C and W are low.

21 TO Transmit Data Transmitted serial data output

16 RD Receive Data Receive serial data input

22 TC Transmit Clock A IX clock input. TO changes on the falling edge of '' .

17 C Receive Clock If the NRZ1 control bit is 0, this is a IX clock input, and
RD is sampled on the rising edge of R'.

If the NRZI control bit is 1, this is a 32X clock input.
Data is sampled according to the Digital Phase Locked
Loop (DPLL).

Adjustment of the sample is by quadranL The
sampling may be monitored by the A output.

19 RTS Request-To-Send An open collector (drain) output which goes low when
the 2501 is ready to transmit either flags or data. May
be hard-wired to ground.

20 CTS Clear-To-Send An active low Input which signals the 2501 that
transmission may begin. If high, the TO output is
forced high. May be hard-wired to ground.

* PIN NUMBERS ARE PRELIMINARY
Throughout this document, the term "read" refers to data out of the 2501 and "write" refers to data going
into the 2501.
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WNW L IPCI AE
.PAC MERTC

FLA AOEE aNESYSOTECO NuNCTONr aFA

*IPIL AFFEHOE OAT

~ - ~ PACKETF

FRME ORA CNTO

TheX2 WD251 I3 controlled andf moniore by sitU10reites

Conrol sttus an eror itswil berefrre toas R, R. r E, rspet~vlyalog wth wo ~g~s. or xamle

1 ~ ~ ~ RM FO0R0A1 C1NVRALRONLO

2h 0~~ 0scnrle n ontrdb t 1 10 regsrs.AN

SR1 0eer 1o 0ttu 0eise 41adbtRwih2s"

0 0 1 0 0 'ERO

2 0 0 1 0 *SRONNTO RECIVE
37 00 1 1 *RECIVE IL MONITOR

4 0 0 0 0 TLOOKH
* 0 10 1 TLROOLDASTU

8 1 0 0 0 CTIN/LIMIT

o 1 0 1 (UNUSED)

I I 1 0 XMT COMMAND "E" "A" FIELD
1 1 1 1 XMT RESPONSE "F"
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CONTROL,STATUS. ERROR REGISTERS

REGISTER 7 6 5 4 3 2 1 0

CR0 0 0 0 ACTIVE/ LOOP 0 RC DS
PASSIVE TEST 0 RC O

CR1 0 0 0 ADRV RRT1 0 0 SEND

SRO NA2 NAI NAO RNRR N82 N81 NBO RNRX

SRI 1 K B ERROR NE2 NEI NEO

REC NC LN
SR2 TIOUT I FIS-RNLE -N

ERO ER07 ER06 E RO5 ER04 ER03 ER02 EROl RG

IumInterrupt (INTR Goes Low).

BIT DESCRIPTION

'Cf0~ ~Thh~k- 2Ucat,M5 ta in-UMw U C04).q'
A;pv- 3 - ". . -

.~R- . TLOOPTESTblt wl-com uth tfaait dat m~tt

r~ Rs4;:, mi4w
Flo,*v (CRO?1t' i01. I f ECW =4k thibibtndU a~i C ht ti

* .

j^:, WDTEIOGB.UnIL NO DM^aOCOSS66 dmtw m bo troillaisd MsIo as'MI~

.4 R4The.AORV bit(CRMY raitthe coqtWI'fme thol1bitoupU i~oe ADN
Ok ft utptwa3-f a weinHi-z ompt'whum 5axgoin lown I1AOR mi

tiieautputu ~arm akwayt. low, 6modam (Ti.) , aow awe hlftIr whenD~ W
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BIT DIESCRIPNTION

114-~ SENAD bit (qMO10 Is uved to c mimm~olli tosd i ss puwil

uvpecmqLIf BADY = %0 the 2501 willcatSi
Wil MO? wfftheNumTSADA and TC14, foibsd by . ans lo
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ERROR REGISTER (ERG)

ER07 ER06 ER05

0 0 0 EROO NOSFR
EROI ROR
ER02 TUR
ER03 -RPKNR

ER04 aRLNR

ER04 ER03 ER02 EROI EROO
o 0 0 0 1 LINK isup. (Was down)

0 0 1 1 0 0 0 0 Received DISC while LINK up.
0 0 1 0 0 DISC sent, sent SARM sent N2 tinm without UA.
0 0 0 1 0 DISC sent REC IDLE for T1xN2.

CHAIN STATUS
0 1 0 E ROO -GNCS

ER01 - CNR

LINK RESET RECEIVED if ER05 - EROO =000000

1 0 LINK RESET TRANSMITTED if EROS - EROO - non-zero
E ROO similar to W
EROI similar to X
ERO2 similar to Y
ER03 similar to Z
EROS means received F *1, but did not send P - 1
ER04 means I-frame was sent N2 times without acknowledge

COMMAND REJECT
1 1 RECEIVED if EROS -EROO aO000000

TRANSMITTED if EROS5- EROO - non-zero
EROO -W
EROI - X
ER02 - Y
ER03 - Z
ER04 - Z

NOTES: 1. Whenever a command reject (CMDR) Is received, the I-field will have been placed In
appropriate memory by DMA, and a link reset SARM will be transmitted. The Nis is not

2. Def initions of W,X,Y,Z as stated in CCITT X.25. ZIiIndicates received N(S) Is invalid (not part
of X.25).

TERMS USED IN ERROR REGISTER
*GNCS Going to Next Chain Segment ROR Receiver Over-Run. The Receiver Register (RR)

r had a character to load Into the FIFO, but the
RLNIR RLOOK Not Ready. REC ROY bit of next FIFO was full.

segment is 0.
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RPKNR Received Packet but Memory Block was Not data memory starting address and length, two bits of
Ready. one byte are used for control, one byte defines variable

TUR Transmitter Under-Run. The Transmitter bit length and residual, and the other two bytes are

Register (TR) needed a character from the open for user definition.

Transmitter Holding Register (THR), but the In transmit, the 2501 will have read from TLOOK the

THR was not ready. starting address and length of the first packet to be
transmitted. The 2501 will automatically transmit the

NOSFR No S-frame received for TI x N2. Used only if flag, address, and control fields. Next, the information
RAT1 = 1. field data will be transmitted using DMA from the

MEMORY ACCESS METHOD "SEND 0 PACKET' memory. At the end of the

The memory access method, which includes DMA, is Information field, the 2501 will automatically send the

designed to take full advantage of the bit-oriented FCS and closing Flag. The 2501 will then move on to

protocol which allows up to I i-frames to be the next packet.

outstanding (i.e., unacknowledged) in each direction If retransmission of one or more (up to seven) packets
of a communications link. The memory access method becomes necessary, the 2501 will automatically retrace
used two "look-up" tables: One for transmit and one the previous transmissions through the TLOOK table.
for receive. These tables contain addresses and control The user's CPU software does not become involved in
for the Individual sendlreceive packets. Thus, packet the retransmission. However, an ERROR COUNTER is
data are DMA addressed Indirectly. This method is best incremented. (See Error Counter Section.)
suited for most software applications. To receive, each frame is checked for correct address

The 16 bit starting address for the look-up table TLOOK and FCS fields and for type of control field. If the frame
is loaded into the 2501 by the CPU. (110 Registers "A" is a packet, the information field is placed in the
and "B"). RLOOK must immediately follow TLOOK in assigned memory location in a method similar to that
contiguous fashion. TLOOK and RLOOK are in the used in transmit. After the packet is received error-free
RAM memory external to the 2501. There are a total of 8 and in proper N(S) sequence count, an interrupt is

segmented control sections for each table. Each generated, and the 2501 is ready for the next packet
segment contains eight bytes. Four bytes are used for which will be placed in the next location.

I

TSADR *0 01SEND ITCNT
TLOOK 0 W PACKET 4/ 0

2
3 *_4~TSADRd*I

* 4
6 SEND SEND

I PACKETI PACKET

A.OOK

1RSADR 0
2
3 RECEIVE4

5 PACKET LIM

00

ERROR RECEIVEH I COUNTERS PACKET 9

IL

MEMORY ACCESS SCHEME
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"OEADLY EMBRACE" PREVENTION the occurrence of the defined event. However, the 2501
A "deadly embrace" can occur when two processors will not Increment past 255 (all 1's). The CPU has the
reach a state where each is waiting for the other. in this responsibility of clearing each counter. The first
case, the two processors are the user's CPU and the counter past RLOOK Is #1, etc.
micro-controller inside the 2501. Therefore, to prevent
the "deadly embrace", the following rule is obeyed by
the 2501 and should also be obeyed by the user's CPU. ERROR
This rule applies to TLOOK, RLOOK, and to the 110 ERCON
registers. The Error Counters do not apply to this rule.

1 Received Frames with FCS Error
RULE: If a bit is set by the CPU, It will not be 2 Received Short Frames (less then 32 bits)

set by the 2501, and vice versa. It a bit Is 3 Numberof times Ti ran-out (completed)
cleared by the 2501, It will not be cleared 4 Number of I-Frame Retransmissions
by the CPU, and vice versa. 5 REJ Frames Received

As an example, the BRDY bit in the TLOOK segment Is 6 REJ Frames Transmitted

set by the CPU, only, but cleared by the 2501, only. 7 Invalid Commands Received

ERROR COUNTERS 8 Invalid Responses Received

Following continguously after RLOOK is ten 8 bit error 9 Number of frames which I-field exceeded
counters. The 2501 will increment each counter at total Limit.

10 Number of Null Packets Received

BYTE * IN
SEGMENT 7 6 5 4 3 2 1 0

1 ACK'ED SPARE SPARE SPARE SPARE SPARE SPARE BRDY

2 TSADR HI

3 TSADR LO

4 SPARE TCNT HI

5 TCNT LO

V SBL2 SBL1 SBLO BLI RES2 RESI RESO BLO

7 SPARE FOR USER DEFINITION

8 SPARE

TLOOK SEGMENT

'B-
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BYTE 0 IN
SEGMENT 7 6 5 4 3 2 1 0

I FRCML SPARE SPARE SPARE SPARE SPARE SPARE RECROY

2 RSAOR HI

3 RSAOR LO

4 RCNT HI

5 RCNT LO

V .. 2 SL1 SSLO ILl RES2 RESI RESO BLO
Ii I

7 SPARE FOR USER DEFINITION

8 SPARE

*Byte SO defines vriiable bit length and residual bit.

RLOOK SEGMENT

BROY means that the transmit buffer is ready. The 2501 frame if RECR = 0. (RECR is In CRO.)
will send the block only after the CPU makes BROY = In the address bytes, HI represents the upper $ bits and
1. (BIROY is used In conjunction with the SEND bit.) At LO represents the lower 8 bits. In the count bytes, HI
the cornpltIon of ttittransmisson, the 2501 will make represents the upper 4 bytes.
BROY = 0, and then read the ROY of the next
segment. TSADR is the starting address of the buffer to transmit,

and TCNT is the binary count of the number of
After transmitting a packet, an ackncwledgement must characters in the I-fleld.
be received from the remote device. The acknowledge-
ment is contained In the received N (R) count of an RSADR is the starting address of the receive buffer.
I-frame, RR frame, or RNR frame. Upon acknowledge- After successfully receiving the packets, the 2501 will
ment, the 2501 will make ACK'ED = 1, and generate a write the value of RCNT which is the binary count of
block-acknowledged interrupt. Before assigning a new the number of characters in the I-fleld.
block to a segment In TLOOK, the CPU must make sure
that the previous block which used that Whether the 2501 accessesalook-uptableorememory

IL number has been acknowledged. block, a OMA Cycle is required for each access.

REC ROY Informs the 2501 that the receive buffer is TLOOK AND RLOOK POINTERS
reedy. The 2501 will not receive a packet Into a buffer There are three 3-bit counters for the status of the
referenced by a particular segment until REC RDY a 1. segments In TLOOK and RLOOK. Status Register 90
If the 2501 progresm to a segment which has REC (SRO) contains counters NA and NB which are used in

• ROY a 0, an error interrupt will be generated, conjunction with TLOOK. NB is the segment number of
the next block to be transmitted, and is advanced at the

After receivlng an error-free packet in proper seqUence, end of each DMA transmission. NA is the value of the
the 2501 will so FRCML, clear REC ROY, and generate segment of the next block which will be acknowledged.
a Packet Received Interrupt. The 2501 will also write If all transmitted blocks have been acknowledged, then
the value of the binary length of the received packet in NA = NB.
RCNT HI and FICNT LO. The NE count is advanced. The

I 201 will acknowledge received packets at the first In SRI Is a 3-bit counter, NE, used with RLOOK. NE
opportunity. This will be in either the next transmitted is the value of the segment number where the nat
I-fhame, or by an RR frame it RECR - 1, or by an RNR received packet will be placed.
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PRELIMINARY TIMING SPECIFICATION$

MIN. MAX.
SYMBOL PARAMETER (NS) (NS) COMMENT

TAR Input Address Validto at 0
TRO Road Strobe (or UMR Read) 200 C (DAL) - 50 Pf

to Data Valid 375 C (DAL) , 100 pf
THD Data Hold Time, from Read Strobe 80
THA Address Hold Time from Read Strobe so

TAW input Address Valid to Trailing Edge of WI200
TW Minimum WF Pulse 200

TOW Data Valid to Trailing Edge of WT or
Trailing Edge of D-fOMA Write 100

TAHW Address Hold Time aftear W1 so
TOHW Data Hold Time after W'A or afte

6XRfor DMA Write so
TDAI Time from 6NAN (or 51M)J to Output

Address Valid if ADRV - 1 80 C (ADDRESS) a 00pf

TDA0 Time from UA- to Output Address
Valid if ADRV a 1 360 C (ADDRESS) - 100 pf

TOO Timew from Ladin Edo of OACK to
Trailing Edge of DUWf (or DRNW 200 C (51R0) -50 pf

TDAH Output Address Hold Time from DAUR 120

TDMW Data Hold Time from UACZK for DMA Read 80

TRPI RTEPLY Response Loading Edge 160 CLO~kO - 50 pf

240 CLOAD - 00 pf
TRP 2  REPLY Response Trailing Edge 200 C LOAD - 50 pf

260 CLOAD - 100 pf

CPU READ TIMING 15 I LOW) CPU WRITE TIMING ( 1 I LOW)

---------- 7~

'10ft 1I4

DMA READ TIMING DMA WRITE (AM-All SAME ASDNA READ)
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W02501 CERAMIC PACKAGE

This is a preliminary specification with tentative device parameters and may be subject to change after final product
Characteuization is completed.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed
by Western Digital Corporation for its use; nor any infringements of patents or other rights of third parties which may result from
its use. No license is granted by implication Or Otherwise under any patent or patent rights of Western Digital Corporation.
Weser Digital Corporation reserves the right to change said circuitry at any time without notice.
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